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A. Major Objectives of the Proposal
Recent results of geologic mapping in northern Minnesota has shown that the rocks of the
region are complex on a regional scale, composed of dozens of small separate masses of
igneous rock. Each of the masses is not very complex, and is generally local in scale. As
such, the region provides the opportunity for a research program that can take each intrusion
at a time as a "stand alone" project, eventually leading to the assembly of a final
interpretation at a later time. Such projects are ideal for the involvement of students in the
mqurry process.
Two years ago, the result of some radiometric dating of granites demonstrated that
some of them are unexpectedly old. This led to questions of how these granites were related
to the other rocks of similar age adjacent to them. However, these adjacent rocks are part of
a region that had never been mapped geologically. Exactly what is present was not known
with any certainty. Therefore, it was important to perform basic geologic mapping (of a
reconnaissance nature) to determine the rocks present and the nature of their complexity.
Several objectives were addressed:

1) To produce a geologic map of the area (approximately 15 miles by 6 miles), that
will provide the means for future planning.
2) To identify potential divisions of the region into individual projects that can be
addressed singly, perhaps in a single year. These could provide interested students
with senior thesis projects.
3) To obtain basic geochemical data that can be used in attempts at gaining external
funding (thus making this grant a type of pilot project).
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During the summer of2002, mapping work was undertaken, and several foot traverses were
made across portions of the Crocodile Lake Intrusion. The interior of the region was
extremely difficult to traverse due to extensive deadfall, and tangles of trees blown down in a
severe storm in July 1999. As a result, coverage was not as complete as would be desired,
but did allow a reconnaissance map to be produced (see accompanying map and crosssection).
During the work, several key locations were noted that require additional detailed
work to decipher the relationships between the rocks. Of particular interest, are relations
between the granitic and gabbroic materials. In the southern portion of the area mapped,
there appears to be discontinuous bodies of gabbro within the granitic zone. A recent logging
road runs along the southern margin of one of these, and outcrops along this pathway exhibit
complex mixtures of gabbroic and granitic material. It appears from field relations that the
gabbroic material is intruding into the granite, which is older. The gabbro would have had a
temperature above the melting temperature of the granite, thus it appears that there was
locally significant assimilation of granite.
Immediately to the south, there are extensive lava flows that are exposed. These
formed the extrusive portion of the Midcontinent Rift System, and are basaltic in nature.
Nowhere in the Midcontinent Rift have there been identified any "feeder" systems for the
voluminous basalts that are found all around Lake Superior. One possibility in the area
mapped is that the discontinuous gabbros may represent the feeder conduits for the eruptive
basalts (shown schematically on the cross-section). Additional detailed field work and
sampling is required to address this question (i.e., is Gabbro 3 equivalent to the basalts to the
south of the field area?)
In the northern portion, just south of Crocodile Lake, is a region approximately a mile
wide that is gabbroic in nature. Relations seen in the field suggest that more than one sheet
of gabbro may be present, representing multiple intrusions. This is not a surprising result,
but sampling and analysis would be informative concerning the magma compositions
involved, in the same way as for previous work done immediately to the west near Poplar
Lake (Jerde et al., 2001; Jerde and Robinson, 2002).
The eastern portion of the map area was not reached during 2002, and will be the
focus of future efforts. In particular, the hills to the east of Jim Lake and Little Jim Lake, and
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extending to the vicinity of Squash Lake need to be characterized (i.e., are they basalt or
granite?) The rock types are unknown.
Some geochemical data was obtained for rocks along Crocodile Lake (Table 1).
These indicate that there are subtle differences between gabbros (separate intrusions).
Additional work is planned to increase the data base to make a more comprehensive analysis
possible.
External funding has been sought to obtain a scanning electron microscope (SEM) to
Morehead State University. Data from studies of the Midcontinent Rift System was used to
create part of the Project Description. If funded, an SEM would make efforts at deciphering
the geologic history much more efficient, since much of the geochemical work could be done
at Morehead State. This would make projects more appealing to students, who could
undertake them during the academic year instead of only during the summer.
All of the objectives were met for this project, one of them being to identify future
directions. The questions raised by the efforts of 2002, will be the focus in the coming year.
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Table 1. Compositions from three rocks near Crocodile Lake (Gabbro 1 & Gabbro 2 on map)
Sample

Jl-27
Jl-33
Jl-35F

Gabbro

I
2
2

Si02

52.26
65.18
61.91

Ti Oz

Ah OJ FezOJ

2.94 12.89
0.85 17.32
1.00 17.67

FcO

1.80 11.97
0.92 6.10
l.12 7.50

MnO

MgO

0.20
0.04
0.05

3.62
2.65
3.39

Cao

7.64
0.63
0.75

Na2 0

K,O

3.04 1.82
2.15 3.27
1.87 3.50
Analyses performed by XRF in the Department of Geology, Macalester College, St. Paul.

P10s

Total

0.89 98.18
0.13 99.92
0.11 98.87
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